The low water availability in several regions of southeastern Hellas and particularly in several islands, such as Crete, has resulted in the construction of various types of water reservoir for collection and storage of rainwater, since their very early habitation. Since then, technologies for the construction and use of several types of cisterns have been developed. In Crete during the Minoan era, water cisterns were very well practiced as a basic means for water supply in several settlements. The Minoan water cistern technologies were further developed, mainly by enlargement of the scale of water systems, at subsequent stages of the Hellenic civilizations. Furthermore, more advanced water cistern technologies were invented, with a peak during the Hellenistic period which followed Alexander the Great, during which time they spread over a geographical area from Hellas to the west and to the east. The Romans inherited the cistern technologies and further developed them mainly by changing their application scale from small to large. Characteristic paradigms of Cretan cisterns are considered which justify the significance of that technology for water supply in areas with low water availability during the whole Cretan history. Herein, nowadays climatic conditions and water resources management in Crete are presented and discussed.
INTRODUCTION
Every human settlement basically depends on sufficient water supply. Rainwater harvesting and reuse for supplying drinking water in urban areas has a long history in semi-arid areas (Okhravi et al. ; Haut et al. ) . Building dams to tap stream water and storing in reservoirs was done by Minoans, Mesopotamians, and Indus valley civilizations, about 5,000 years ago, to provide drinking water to the urban areas (Abdelkhaleq & Ahmed ) . Roof catchment is an old practice that has widely been used to provide urban dwellers with potable water supply in many parts of the developing world (Handia et al. ; Kumar ) . Rainwater harvesting is a non-conventional technology, used to overcome the increasing demand of water due to climate change and/or variability (Amin et al. ) . This applies especially for arid and semi-arid climate conditions, such as the regions around the Mediterranean basin and especially in southeastern Hellas, where water resource availability is extremely limited mainly during the summer (Angelakis & Koutsoyiannis ; Diamanti & Kalavrou- saying that in wise cities, the water sources intended for drinking purposes should be kept separate from those for other requirements (Sazakli et al. ) .
The island of Crete is located in the eastern Mediterranean area and characterized by low water availability due to the intense spatial and temporal variation of precipitation. Thus, the use of alternative and/or non-conventional water resources (e.g. harvesting and reuse of rainwater) has been a challenge since the early inhabitation (Mays et al. ) . Such a challenge could provide not only additional water, but also could significantly contribute to water availability, public health protection, flood risk reduction, and to coastal pollution protection (Tsagarakis et al. ) .
In this paper, rainwater is defined as atmospheric precipitation originating from impermeable surfaces, usually collected and stored in artificial reservoirs, known as cisterns. This water is used for household purposes, such as bathing or washing, dishwashing, laundering, irrigation or other uses. Appropriately treated rainwater has the potential for use in dwellings, offices, housing estates, industry, horticulture, gardens, etc. (Gould & Nissen-Petersen ) .
However, the level of treatment depends on the final use of the rainwater, so appropriate safeguards are taken to prevent cross contamination of potable water supplies, damage to internal fixtures and fittings or harm to the environment (Gould & Nissen-Petersen ; Angelakis et al. ) . The design and development of cisterns is an emerging technology encouraged by the need for water conservation and water taxes. It can be of great value where water is scarce but in many circumstances it is still expensive and not necessarily beneficial to the environment. In addition, any applications should be properly controlled to prevent risks to public health (Angelakis et al. ; Mays et al. ) .
Obviously, there are many conceivable reasons, as well as historical coincidences, which led to the advanced cultural and technological developments in Hellas. Arguably, one of them is the limited natural sources which triggered invention and innovation in an attempt to find ways to satisfy human needs under safe and hygienic conditions. Earlier civilizations bloomed in large river valleys, which had water and soil resources in abundance (Mesopotamia near the Tigris and Euphrates, Egypt near the Nile, India near the Indus). However, in Hellas it is most interesting that the significant cultural centers since the Minoan era grew not in naturally richer places (e.g. in the western and central and northern country) but in poorer ones characterized by scarcity of water and soil resources (e.g. Athens, Crete and Aegean islands) (Koutsoyiannis & Patrikiou ) . The exegeses for the establishment of ancient Hellenic civilizations in poor regions with high water availability were safe and hygienic lifestyle reasons and efforts to avoid use of fertile lands; thus, settlements were constructed on the top of hills or on rocky areas. This is the case in both the continental and the insular country, since the Bronze Age (Zarkadoulas et al. ) .
Rainwater harvesting systems are well constructed and have operated in several regions of the world for centuries.
In Minoan Crete (ca. 3200-1100 BC), water cisterns were used for both harvesting rainwater and as reservoirs for storing spring water. In the Minoan villages, cities, and palaces of Phaistos, Zakros, Chamaizi, and Myrtos-Pyrgos, in contrary to cities in the Tigris, Euphrates, and Indus valleys and other establishments in ancient Egypt and Iraq (Table 1) , the water supply systems were dependent directly on precipitation; rainwater in these areas was collected in cisterns from the roofs and yards of buildings (Angelakis & Spyridakis ; Mays et al. ) . At Phaistos palace in southern Crete, no wells or springs have been found (Graham ) . Special care was given to securing clean surfaces in order to maintain the purity and the hygienic of collecting water by: (a) cleaning actual ET has been estimated to represent 75 to 85% of the mean annual precipitation at low elevation areas (less than 300 m above sea-level) whilst it drops to 50 to 70% at high elevation areas (Decentralized Region of Crete ).
The island of Crete is characterized by a significant increase in urban and tourist activities, especially in the past 20 years. As a result, the majority of the population is concentrated in coastal areas. In many cases the infrastructure required to support this type of economical development are inadequate. However, agricultural water demand continues to be the major water consumer in the island, accounting for over 86% of the total usage based on both surface and underground water resources. Although underground water resources are estimated to be sufficient to satisfy all water needs, the lack of proper management and infrastructure has led to serious problems, particularly during the dry periods when water demand is high (Paranychianakis et al. ) .
Water consumption and use in Crete is less than 7% and 18% of the annual precipitation and total water potential, respectively (Table 2 ). However, in many cases there is a severe water imbalance due to temporal and regional distribution of precipitation. This worsens during the summer months when water demand rises due to the needs of agriculture and tourism. Furthermore, high percentage of the annual precipitation occurs in the mountainous areas of western Crete and transport of water to the rest of the island suffers from technical, social, and economical limitations. An alternative plan should include integrated water resources management as well as the integration of rainwater harvesting, treated MINOAN ERA (ca. 3200-1100 BC)
Rainwater collection (harvesting) systems 
Storage facilities
In Minoan Crete, the technology of surface and stormwater storage was highly developed. Water was conveyed into cisterns, a technique still practiced today in rural areas of the island. In fact, this practice has been widely used throughout the history of Crete. The technology of surface and rainwater storage for water supply was very well developed and was continuously used up to modern times (Mays et al. ) .
The Minoan water cisterns were of cylindrical shape, constructed with stones under the soil surface, with diameters Minoan cisterns are shown in Table 3 . Public cisterns of cylindrical shape dominated during the Minoan era. In addition to the terracotta filters, in some cases cisterns were associated with small canals collecting water from rainfall and from mountain streams (Viollet , ). It is therefore possible that cisterns in the Phaistos palace were connected to the sandy filters.
HISTORICAL PERIODS
The classical and Hellenistic period (ca. 500-67 BC)
In 
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). Thermae also have been found in other Roman towns, e.g. Kissamos, Lefki island and Hierapytna.
Major cisterns in historical times are shown in Table 4 .
During these times the scale of the those hydraulic works was highly increased and the rectangular geometry of the cisterns was dominant. In Roman period one of the major domestic uses were baths and thermae (e.g. Aptera town in western Crete).
BYZANTINE PERIOD AND VENETIAN RULE (CA. AD 330-1600)
After (Table 5) . Also, small cisterns have been located in several villages such as in the Vigla castle in Viannos and in the area of 
Present times
By the end of the nineteenth and the beginning of the twentieth century, the independent Hellenic-state was established and the modern water technologies started to be developed, as in other parts of the world. They were based on past technologies, as well as on new ones such as deep wells, pumps, pipes, and so on. At that time the growth of populations required an increase in agriculture production. In addition, the steep terrain of the island highly increased the scale and the cost of the required hydraulic projects (Marsalek et al. ) . Meanwhile, water supply of the urban areas was facing similar problems due to the population increase. Thus, collection, storage, and use of rainwater in several urban and rural areas in Crete and especially in eastern Crete were still in practice during the middle of the last century. The fundamental principles of those systems were similar to those developed in ancient times ( Figure 6 ).
In addition, during floods, one of the basic ideas is to increase water storage in order to achieve the maximum possible water retention effect together with minimum investment, which could be achieved by construction of water cisterns. It is well known that full protection against high water levels and extreme discharges during floods is actually impossible, because a 100% flood protection is far from being economically acceptable and technically feasible (Koutsoyiannis & Angelakis ) . Thus it should be considered possible to achieve the maximum water retention effect together with minimum investment (e.g.
increasing water storage by individual cisterns).
Finally, one important factor which influenced the quality of the rainwater harvesting was the storage conditions.
Better water quality was observed when the water was collected in dry seasons than in wet seasons. The rainwater harvested only from concrete roofs was of better quality than that collected from green roof and terrace catchment areas (Amin et al. ) .
FUTURE TRENDS
Crete is highly affected by urbanization. In 2011, more than 73% of the total population was living in five major cities 
DISCUSSION AND CONCLUSION
The climatic and hydrologic conditions in the eastern Mediterranean and especially in Crete have been characterized (c) Additionally, rainwater harvesting was considered since the Minoan times, to increase not only water availability but, more importantly, to treat it in order to improve water quality, especially of potable water.
(d) In Crete, the water resources management plan should be re-examined to seriously consider rainwater harvesting.
(e) Today, more than one billion people have limited access to drinking water. Thus, there is an urgent need for sustainable and cost-effective water supply facilities, particularly in cities of the developing world (Bond et al. ) . Lessons from ancient water management must be examined and the applicability of selected ancient Cretan systems (e.g. rainwater harvesting) to the contemporary world must be considered.
(f) Based on this, the physical interventions involve, among other, measures constructing water harvesting reservoirs in several regions of Africa for facing water scarcity and quality (Bahri ).
